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One notable exception to the general CH 4 / N 2 O correspondence occurs during the cooling event that began about 80 ka. N 2 O levels remained high for ϳ7 ky after CH 4 levels dropped precipitously. Perhaps during this period, the CH 4 /N 2 O temporal relation may reflect greater initial sensitivity of CH 4 emissions to terrestrial drying. Complete soil saturation optimizes CH 4 production, whereas reduced N 2 O emissions from drying of some regions below the 60 to 90% saturated window for optimal N 2 O production are partially offset by drying of wetter areas into the optimum N 2 O emission window. Additionally, because high northern latitudes were more important for CH 4 [ϳ18% of preanthropogenic CH 4 emissions in latitude bands north of 40°N (8) ] than for N 2 O [ϳ9% (35) ], icesheet advance may have impacted CH 4 emissions more directly and quickly than N 2 O emissions. Additional isotopic analyses on samples before 30 ka might clarify the relative roles of marine and terrestrial sources of N 2 O in these cases, and why this behavior is not shown strongly at other times. In order to investigate rapid climatic changes at mid-southern latitudes, we have developed centennial-scale paleoceanographic records from the southwest Pacific that enable detailed comparison with Antarctic ice core records. These records suggest close coupling of mid-southern latitudes with Antarctic climate during deglacial and interglacial periods. Glacial sections display higher variability than is seen in Antarctic ice cores, which implies climatic decoupling between mid-and high southern latitudes due to enhanced circum-Antarctic circulation. Structural and temporal similarity with the Greenland ice core record is evident in glacial sections and suggests a degree of interhemispheric synchroneity not predicted from bipolar ice core correlations.
Climatic instability and abrupt changes are recognized features of the last glacial period and have been found in climate archives worldwide (1) (2) (3) (4) (5) (6) . To date, the best-resolved records of changes in the Southern Hemisphere are from Antarctic ice cores (5, 6). C ages between 0 and 20 ky were converted to calendar ages using the marine calibration data set (12) , together with a local reservoir age anomaly of 240 Ϯ 40 years (13) . AMS ages between 26.6 and 32.3 ky were reservoir-corrected by 640 years and converted into calendar years using a marine 14 C-versuscalendar year correlation that traces geomagnetic paleointensity variations (9, 14, 15) . To further constrain our age model, we measured a fine-scale benthic ␦ 
18
O record of core MD95-2042 mimics the structure of the Antarctic Vostok ice core deuterium (␦D) record (16) , which is also seen in our benthic ␦
O record, thus allowing the transfer of the Greenland ice core chronology from core MD95-2042 to our records. The age scale for the lower part of the core, below 10.6 m, is derived from the correlation of our Mg/Ca-derived SST (SST Mg/Ca ) record with the Antarctic Vostok ␦D atmospheric temperature record on its orbitally tuned age scale (17) . We used the lower-resolution SST Mg/Ca record for this correlation, because ␦
O plk combines local hydrological and global ice volume effects that impede a firm correlation with Antarctic temperature. According to the age model, sedimentation rates along core MD97-2120 are between 15.5 cm/ky during glacials and 6 cm/ ky during interglacials. Mean time steps along the ␦
O plk and Mg/Ca records are 192 Ϯ 83 years (at a 2-cm sampling interval) and 931 Ϯ 405 years (at a 10-cm sampling interval). The resolution of the ␦
O plk record is close to that of the Vostok ␦D record (time step, 126 Ϯ 100 years). In the lower sections, beyond ϳ230 ky, the resolution of ␦
O plk is the same as and higher than in the Vostok record.
Mg/Ca signals in the carbonate of foraminiferal shells are temperature-dependent and can be converted into a record of SST through the application of empirical equations. We derived SST from Mg/Ca using the calibration of Mashiotta et al. (9, 18) . The core-top SST Mg/Ca estimate of 11.8°C is within the modern SST range of 8.5°to 14.5°C around the core location (19) and agrees well with a calcification of G. bulloides in austral spring (20) . SST Mg/Ca on glacial-interglacial time scales ranges from 6.5°to 16°C, with mean glacial-interglacial changes in the range from 4.9°to 6.8°C (Fig.  1 ). On millennial time scales, SST Mg/Ca displays amplitudes of up to 3°C; that is, 40 to 60% of the total glacial-interglacial amplitude (Fig. 2) . The last glacial-interglacial SST Mg/Ca change of 4.9°C is within the range of amplitudes of 4°to 6°C that is derived *To whom correspondence should be addressed. Email: pahnkek@cf.ac.uk (K.P); rainer@geo.ub.es (R.Z.) Ϯ 100 years) of the Antarctic Vostok ice core on the orbitally tuned age scale of (17) . Beyond ϳ230 ky, the resolution of ␦ 18 O plk is equal to or exceeds that of the Vostok record. ␦D documents air temperature changes that are indicated along the ␦D axis as deviations from the modern value (⌬T) (5 (29) . Age control points used to construct the age model are shown along the bottom axis as follows: 14 C AMS dates (gray), Kawakawa tephra (red), tie points for correlating the benthic ␦ 18 O section to that of northeast Atlantic core MD95-2042 (9, 16) (blue), and tie points for correlating SST Mg/Ca to the Vostok ␦D record (black).
from temperature-sensitive alkenones and foraminiferal census counts at nearby core sites (21, 22) .
Carbonate dissolution during cold periods at our 1210-m core site (23) has the potential to lower Mg/Ca and thus the inferred SST Mg/ Ca (24, 25) . The effect of this would be to increase the temperature amplitudes between glacial and interglacial periods. The Ca content of the sediment varies from 5 to 25%, which by itself might imply dissolution, but there are substantial dissimilarities as well as similarities between the SST Mg/Ca record and bulk sediment carbonate concentrations along the core (26) . Additionally, the comparison with independent SST reconstructions from nearby cores (see above) shows good agreement: There is, at most, a 0.9°C overestimation of the last glacial-interglacial SST Mg/Ca . This is much smaller than the millennialscale SST Mg/Ca changes of up to 3°C, suggesting that the effect of any dissolution on the SST Mg/Ca variability in our core is minor.
SST Mg/Ca and ␦ 18 O plk co-vary, with SST Mg/Ca leading on average by 1.7 Ϯ 0.3 ky, 2.2 Ϯ 0.1 ky, and 0.8 Ϯ 0.1 ky (90% confidence intervals) in the orbital eccentricity, obliquity, and precession bands, respectively. SST leads over planktonic ␦
18 O values of similar magnitude have been found at lowlatitude (27, 28) and Southern Ocean sites (18) and are also seen in Antarctic temperature over global ice volume (17, 29) . However, the leads in our records are concentrated primarily within the cooling trends of interglacial marine isotope stage (MIS) 5e-d, MIS 7c-a, and the MIS 9a-8 transition; whereas in glacial sections and during glacial terminations, SST Mg/Ca is synchronous with ␦ 18 O plk (9) . The variable phasing we observe between our records indicates that the contribution of local temperature and salinity effects to (9) . The SSS record shows that salinity was systematically decreased during glacials by an average of 1.3 to 1.5 units (Fig. 3) . On faster millennial time scales, salinity likewise varies at high amplitudes, around 1.2 units, with salinity decreases concentrated around stadial (cold) phases (Fig. 2) . This is in apparent contrast to evidence from pollen assemblages that implies increased aridity in the region during glacials (30) , from which one would expect increased evaporation-driven surface salinity. Moreover, paleoenvironmental and archaeological evidence from Australia indicates a transition from humid conditions between 50 to 40 ky to higher aridity between 40 to 30 ky (31). Our SSS record shows several maxima during this time span, but they all occur before a background of decreased SSS (Fig. 2) . A viable modulator of regional surface salinity that operates independently from evaporation and precipitation is the hydrographic gradient associated with the circum-Antarctic ocean fronts that separate warmer, more saline surface waters to the north from colder, fresher waters to the south. Northward migration of the mobile fronts during glacial and stadial periods is a plausible means by which the core site was brought under the influence of fresher sub-antarctic surface waters (23) . Sporadic meltwater surges from South Island, New Zealand, and melting Antarctic icebergs have contributed to the observed salinity anomalies on subor- (34) , and in the South Atlantic at 41°and 53°S (SA0 to SA6) (33) . SA0 and CP0 are coeval with the ACR and coincide in our SSS record with a discrete minimum. SA1 to SA4 are associated directly with, or are on the shoulders of, SSS minima. The off-SSS-peak positions of some SA events are due to age model uncertainty. Linking with times of increased IRD delivery on Campbell Plateau (CP1-6) is more direct because of proximity to our core site; these phases correspond to SSS minima. SA5 and SA6 and CP7 and CP8 are exceptional in that they correlate with a broad SST Mg/Ca maximum in our record but with only moderately increased SSS. (9) . But these factors do not alter the overall picture of low SSS during cold periods. In fact, some of the minima along our SSS record are coeval with ice-rafted debris (IRD) events in the South Atlantic and on Campbell Plateau, south of Chatham Rise (Fig. 2) (33, 34) , which in turn demonstrates the importance of these events for the wider circumAntarctic region.
The high temporal resolution and fine structure of the ␦ 18 O plk and SST Mg/Ca profiles of core MD97-2120 allow for a detailed comparison with Antarctic ice core climate records. On orbital time scales, our records directly mirror the structure of the Vostok ␦D record, which reflects air temperature changes over Antarctica (5) (Fig. 1) . The similarities, for instance, hold for the interglacial peak heights (MIS 5e, 7e, and 9c), which in both records exceed Holocene levels. Temperature amplitudes across Terminations I to III are higher in the Vostok record (9.5°, 12.3°, and 9.3°C) than in SST Mg/Ca (8.8°, 8.9°, and 7.2°C), which indicates strong Antarctic cooling during glacials in connection with increased thermal isolation due to enhanced circum-Antarctic circulation (35) . During Termination I, ␦ 18 O plk and SST Mg/Ca display a brief reversal of 0.6 per mil (‰) and 1.1°C, respectively, that is similar in structure and timing to the 1.9°C cooling during the Antarctic Cold Reversal in the Vostok and Byrd ice core records (5, 6) (Fig. 2) . A similar short-lived ␦ 18 O plk reversal is developed during Termination III (250 to 242 ky) that is likewise documented in the Vostok ␦D and argon records (5, 29) (Fig. 1) . The midTermination III reversal is covered by five data points in our SST Mg/Ca record that show a transient halt in the warming trend but no coeval SST Mg/Ca decrease. This suggests that the ␦ 18 O plk reversal reflects the incursion of a short-lived local salinity maximum (Fig. 3) .
Dissimilarity exists with the Antarctic ice core record during glacial periods in that ␦ 18 O plk shows enhanced variability with abrupt transitions that are not seen in the ice cores (Figs. 1 and 2) . Some short-lived ␦ 18 O plk and SST Mg/Ca changes are reminiscent of the glacial climatic oscillations recorded in Northern Hemisphere records (1, 2,   16 ) (Fig. 2) . For instance, the sequence of ␦ 18 O plk anomalies between 46 and 41 ky mimics the structure of Dansgaard/Oeschger (D/O) events 9 to 12 in the Greenland ice core record (Fig. 2) . The pronounced SST Mg/ Ca warm anomaly during MIS 6 (154 to 138 ky) reaches a maximum amplitude of 5.7°C and is mirrored by a coeval negative ␦ 18 O plk anomaly of 1.8‰. A similar anomaly is documented in North Atlantic (36) and tropical Pacific (28) marine records, but is absent from the Vostok record. It coincides with an orbital precession minimum and hence a maximum in Northern Hemisphere insolation, suggesting northern forcing as the cause for the warm anomaly. The likewise pronounced SST Mg/Ca excursion of 4.4°C during MIS 4, between 68.3 and 65.6 ky, is mirrored by a 1.6‰ ␦ 18 O plk decrease that is not developed in the benthic ␦ 18 O section of our core (9). This event on our age scale immediately follows the 70-ky warm anomaly in the Byrd ice core record but overlaps with D/O event 19 (69 to 66 ky) in Greenland (Fig. 2) .
On glacial-interglacial time scales, our records show a varying degree of similarity with the paleoclimate record from Antarctic ice cores. Evidently, the degree of climatic coupling of mid-southern latitudes to Antarctica changed as a function of global climate, requiring a mechanism that perturbs this climatic link during cold intervals. Varying Antarctic Circumpolar Current (ACC) intensity, as an indirect response to variations in westerly wind strength (37) , provides for such a mechanism in that the ACC modulates the transmission of climate signals across high southern latitudes (38) . In response to stronger decoupling from Antarctic climate, the mid-latitude Southern Hemisphere was more likely to be influenced by climatic oscillations and abrupt transitions not felt in Antarctica. A significant increase in the amplitude of ␦
O plk during glacial periods of the past 340 ky becomes apparent in the ␦
O plk record, when variability Ն5 ky is removed from the data (39) (Fig. 1) . This provides clear evidence that the magnitude of millennial-scale climatic oscillations is dependent on the state of the global climate, notably the presence of large ice sheets in the Northern Hemisphere (40) .
Paleoclimatic records from various archives in the Southern Hemisphere have been used to infer both interhemispheric synchrony and asynchrony (6, 27, (41) (42) (43) . However, radiocarbon dating and the uncertainty related to variations of local reservoir ages (9, 13) Fig. 2 , here for the past 340 ky. Blue and gray vertical bars mark events as described in Fig. 1 . Bars along the bottom age scale refer to periods of enhanced IRD delivery on Campbell Plateau (CP), south of Chatham Rise (34) , and in the South Atlantic (SA) (33); CP9 and CP10 coincide with low-SSS anomalies that are interrupted by short excursions to higher SSS values. The broad salinity minima at 96 to 84 ky and 125 to 110 ky coincide with meltwater surges between 80 and 130 ky as described in (34) . Provenance studies on Campbell Plateau suggest an Antarctic origin for the IRD (34 Geochemical anomalies and growth discontinuities in Porites corals from western Sumatra, Indonesia, record unanticipated reef mortality during anomalous Indian Ocean Dipole upwelling and a giant red tide in 1997. Sea surface temperature reconstructions show that although some past upwelling events have been stronger, there were no analogous episodes of coral mortality during the past 7000 years, indicating that the 1997 red tide was highly unusual. We show that iron fertilization by the 1997 Indonesian wildfires was sufficient to produce the extraordinary red tide, leading to reef death by asphyxiation. These findings highlight tropical wildfires as an escalating threat to coastal marine ecosystems.
Coral reefs, the most diverse of all marine ecosystems, are increasingly threatened by human activities, climate change, and disease (1-3). The exact nature and potential impact of these threats are still unclear in many cases, making effective conservation difficult. The vulnerability of reefs to climate change became fully evident in 1997-1998 when elevated sea surface temperaures (SSTs) linked to global warming and a strong El Niño caused widespread coral bleaching and mortality throughout the tropical oceans (3) (4) (5) . Bleaching was particularly severe in the central and western Indian Ocean, where approximately 59% of reefs were damaged, creating large socioeconomic problems (3). Although SSTs in the central-western tropical Indian Ocean were anomalously warm during 1997, the eastern sector was unusually cool. These cool SSTs were the result of recently discovered coupled ocean-atmosphere dynamics (6, 7) , termed the Indian Ocean Dipole (IOD). The anomalously cool SSTs in the eastern Indian Ocean during 1997, together with the economic and political crisis in Indonesia at this time, led to the status of coral reefs in western Indonesia being largely overlooked during systematic surveys of the 1997-1998 coral bleaching event.
Here, we report on the unanticipated and catastrophic death in late 1997 of the Mentawai Islands reef ecosystem, located offshore of southwest Sumatra, Indonesia, in the equatorial eastern Indian Ocean (Fig.  1) . Before 1997, more than 101 species of hard corals (8), including centuries-old colonies of Porites (9, 10) , provided a diverse reef ecosystem around the Mentawai Islands. During the 1997 IOD, enhanced southeasterly trade winds drove strong upwelling along the southwest coast of Sumatra, causing SSTs in the Mentawai reefs to drop by around 4°C (Fig. 1) (6, 7 ) . At the same time, convective rainfall over Indonesia was dramatically reduced, and wildfires produced thick smoke coverage over southeast Asia (6, 7 ) . In late 1997, near the peak of the IOD, close to 100% of 1 Research School of Earth Sciences, The Australian National University, Canberra, ACT 0200, Australia. 2 Research and Development Center for Geotechnology, Indonesian Institute of Sciences (LIPI), Bandung, 40135, Indonesia.
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